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While electromagnetic duality is a symmetry of many supergravity theories, this is not the case
for the N = 8 gauged theory. It was recently shown that this rotation leads to a one-parameter
family of SO(8) supergravities. It is an open question what the period of this parameter is. This
issue is investigated in the SO(4) invariant sectors of the theory. We classify such critical points and
find a novel branch of non-supersymmetric and unstable solutions, whose embedding is related via
triality to the two known ones. Secondly, we show that the three branches of solutions lead to a pi/4
periodicity of the vacuum structure. The general interrelations between triality and periodicity are
discussed. Finally, we comment on the connection to other gauge groups as well as the possibility
to achieve (non-)perturbative stability around AdS/Mkw/dS transitions.
PACS numbers: 04.65.+e, 11.25.Tq
I. INTRODUCTION
The equivalence of the electric and magnetic formula-
tion of Maxwell’s equations lies at the heart of our under-
standing of electromagnetism. In the absence of electric
sources, it is fundamentally impossible to distinguish be-
tween the dual pictures. The theory is indifferent as to
whether the U(1) gauge vector is electric, magnetic or
any linear, dyonic combination thereof.
A similar phenomenon is at work in most supersym-
metric theories. The duality symmetry of such theories
comprises the R-symmetry group, which in four dimen-
sions generically is SU(N )×U(1) for N -extended super-
symmetry. The latter factor of this symmetry rotates
electric and magnetic vectors into each other [27].
In maximal supergravity, however, the R-symmetry
is SU(8) and lacks the U(1) factor. As a consequence,
electromagnetic duality is not a part of the E7(7) dual-
ity symmetry of the N = 8 theory. Instead, it is only
included in the Sp(56,R) group, spanning all transfor-
mations between the 28 electric and 28 magnetic gauge
vectors. These will generically not be symmetries of the
theory, but relate different symplectic frames. However,
as these stem from an (albeit non-local) field redefinition,
physics will not be affected by the choice of symplectic
frame.
The situation changes radically when one includes
charges. The absence of magnetic monopoles breaks the
duality symmetry in electromagnetism. A similar mech-
anism turns out to be at work in maximal supergravity.
The introduction of charges in that case is analogous to
considering gauged supergravities, where a subgroup of
the E7(7) global symmetry group has been gauged. The
prime example is the SO(8) theory [1, 2], whose rele-
vance ranges from Kaluza-Klein theory [3] to holography
[4]. For almost three decades after its inception, this the-
ory was implicitly assumed to be unique. Very recently
it was realised, however, that different theories are ob-
tained depending on whether the starting point includes
electric, magnetic or dyonic gauge vectors [5]. As a conse-
quence, there is a one-parameter family of SO(8) theories
with different physical properties. It will be denoted by
ω, where ω = 0 (ω = pi/2) corresponds to electric (mag-
netic) vectors.
A natural question concerns the periodicity of the new
parameter. Based on a group-theoretic argument in-
volving E7(7) invariants, the period was shown to be no
less than pi/4 [5]. As a result, it was conjectured that
at the intermediate value ω = pi/8, SO(8) supergrav-
ity should be identified as the gravity dual of a partic-
ular D = 3 SCFT [6]. Similar considerations will apply
to the ω-range when a higher-dimensional origin for the
one-parameter family is proposed. It is therefore of im-
portance to investigate the periodicity of ω from various
points of view and see whether these are consistent with
pi/4 or a multiple thereof.
An example of such a line of research is provided by
the vacuum analysis of the G2 and SU(3) invariant sector
of the full theory [5, 7, 8]. Indeed, it was found that the
set of all vacua is also periodic in pi/4, consistent with
the earlier conjecture. It will be instructive for what
follows to recall these results for the special case of SO(7)
invariant vacua.
The standard formulation of maximal supergravity has
two critical points that preserve an SO(7)− subgroup of
SO(8), while for the SO(7)+ embedding one finds just
a single point [9]. While the mass spectra are identical,
the two sets differ on their values of the scalar poten-
tial V . Turning on the new parameter, one finds that
both the location of the points and the value V are ω-
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2dependent while the mass spectrum is independent. In-
terestingly, one of the two SO(7)− critical points moves
to the boundary of moduli space at ω = pi/4, while the
other takes on all properties of the old SO(7)+ point,
including the value of V . Indeed, the SO(7)− sector is
identical to that of SO(7)+ after a pi/4 shift of ω. As a
result, the combination of both sectors is pi/4 periodic.
An important test of the conjectured periodicity con-
sists of the SO(4) invariant critical points. Similar to
the SO(7) sector, two types of such points are known;
however, in contrast to it, these differ both in the value
of the scalar potential as well as in the normalised mass
spectrum. One such branch has been known since the
1980s; however, only recently its full mass spectrum was
calculated and found to be perturbatively stable [10, 11].
Moreover, an unstable second branch was found with an
inequivalently embedded residual gauge group [11]. We
will refer to these embeddings as SO(4)v,s, respectively,
where the subscripts refer to the three inequivalent 8-
irreps of SO(8) that are a consequence of its triality. This
strongly suggests a third embedding, SO(4)c. Indeed, in
section II we will show that there is a new critical point
with this residual gauge group and a distinct mass spec-
trum.
In section III we will analyse how the three critical
points are related when turning on the parameter ω, and
investigate which of the three critical points and their
mass spectra morph into each others as a function of ω.
It will turn out that the points with SO(4)s,c are related
in exactly the same way as SO(7)± by pi/4 shifts of the
parameter ω. In this way the appearance of the new,
triality related solutions indeed allows the periodicity of
the SO(8) vacuum structure to be pi/4.
In order to derive the full mass spectra of these solu-
tions, we change gears in section IV and explore SO(4)
invariant critical points of other theories. This will natu-
rally lead to connections between the SO(8) supergravity
and other theories with non-compact gaugings. As a re-
sult, we will connect the unstable AdS solution of the
SO(8) theory in refs [10, 11] to the novel dS solutions of
the SO(4, 4) theory in ref. [12]. We will discuss how this
relation might help to achieve (non-)perturbative stability
close to Minkowski vacua.
II. TRIALITY OF SO(4)-SECTORS
Maximal supergravity contains 70 physical scalars
φIJKL = φ[IJKL] satisfying the self-duality (SD) con-
dition
φIJKL =
1
4!
IJKLMNPQ φ
MNPQ , (1)
with φIJKL = (φIJKL)
∗, where I = 1, .., 8 refers to the
fundamental representation of the (local) R-symmetry
group SU(8). These serve as coordinates in a coset space
E7(7)/SU(8). We identify the 8 of SU(8) with the 8v of
the gauge group SO(8) without loss of generality. Decom-
posing the scalar fields (1) leads to 35s and 35c irreps,
which are (anti-)self dual four-forms in terms of the vec-
torial index. These are the real and imaginary parts of
φIJKL.
In order to discuss the issue of periodicity of elec-
tromagnetic rotations, we will restrict to a consis-
tent truncation to a sector of the theory that retains
only the invariant scalars under an SO(4) subgroup
of the R-symmetry group. However, the embedding
SO(4) ⊂ SO(8) is not unique due to SO(8) triality. For
this reason we will consider three scalar sectors arising
from inequivalent embeddings, which we will denote by
SO(4)v,s,c. In what follows we will discuss these three
consecutively. In this section we restrict ourselves to the
standard formulation of maximal supergravity (ω = 0).
A. The vectorial embedding
The SO(4)v embedding leads to the decomposition
8v → 1+ 31 + 1+ 32 , 8s,c → 4+ 4 . (2)
This induces an index splitting for the 8 of SU(8) of the
form I = 1 ⊕ a ⊕ 1ˆ ⊕ aˆ with a = 2, 3, 4 and aˆ = 2ˆ, 3ˆ, 4ˆ.
Therefore, only two invariant complex scalars are re-
tained
φ1abc = (φ1ˆaˆbˆcˆ)
∗ = z1 abc , φ1ˆabc = −(φ1aˆbˆcˆ)∗ = z2 abc,
(3)
with z1 ≡ ρ1 eiα1 and z2 ≡ ρ2 eiα2 .
The SO(4)v invariant scalar potential (we set g = 1)
for the one-parameter family of SO(8) gaugings is (the
subscript refers to the value of ω)
V v0 = −
1
8ρ4
(
32ρ41 + 61ρ
2
1ρ
2
2 + 32ρ
4
2
+ 4 cosh(2ρ)
(
4ρ41 + 9ρ
2
1ρ
2
2 + 4ρ
4
2
)
(4)
− ρ21ρ22
(
cosh(4ρ)− 8 cos(2α) sinh4(ρ)) ) ,
where ρ2 ≡ ρ21+ρ22 and α ≡ α1−α2, while the orthogonal
combination α⊥ ≡ α1 + α2 does not enter the potential.
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FIG. 1: Contours of the scalar potential V v0 for ρ1 = ρ2.
3The extremisation condition ∂αV
v
0 = 0 imposes
α = n pi2 for n = 0,±1, 2. If n is even, then the only crit-
ical point of the scalar potential is located at the origin
ρ1 = ρ2 = 0 with V
v
0 = −6 and the normalised masses
are given by m2L2 = −2 (×4). It corresponds to the
SO(8) invariant extremum preserving N = 8 supersym-
metry. For odd values of n, there are two extrema with
α = ±pi2 and ρ1 = ρ2 = 1√2cosh
−1(
√
5) (see FIG. 1). The
energy at the two extrema turns out to be V v0 = −14 and
the normalised masses are m2L2 = 60/7,−12/7 (×2), 0.
These solutions were originally found in ref. [10] while
their full mass spectra were computed more recently in
ref. [11] and found to be
m2L2 = 37 (5±
√
65) (×9) , 187 (×9)
60
7 (×1) , − 127 (×20) , 0 (×22) .
(5)
They are non-supersymmetric and nevertheless satisfy
the BF bound m2L2 ≥ −9/4 for stability in AdS.
B. The spinorial embedding
The SO(4)s embedding leads to the decomposition
8s → 1+ 31 + 1+ 32 , 8c,v → 4+ 4 . (6)
In this case the index splitting for the 8 of SU(8) reads
I = i ⊕ iˆ with i = 1, 2, 3, 4 and iˆ = 1ˆ, 2ˆ, 3ˆ, 4ˆ. The two
indices i and iˆ transform in (two copies of) the vector
representation. The SD condition in (1) is satisfied by
the SO(4)s invariant scalars
φijkl = (φiˆjˆkˆlˆ)
∗ = (x1 + iy1) ijkl ,
φiˆjkl = −(φijˆkˆlˆ)∗ = 12 (x2 + iy2) iˆjkl , (7)
φijˆklˆ = x3 ijˆklˆ + x4 δ[ijˆδklˆ] ,
with x1,2,3,4 ∈ 35s and y1,2 ∈ 35c. In order to get a
managable scalar potential we mod out the theory by a
discrete D4 subgroup of SU(8) that is an automorphism
of SO(4)s. It is generated by [28]
S0 =
(
I4 0
0 −I4
)
, S1 =
(
0 η
η 0
)
, (8)
with η = diag(1,−1,−1,−1). This projects out four of
the scalars keeping only (x4, y1). The scalar potential for
these two fields is
V s0 =
1
2 sinh
2(y1)
(
cosh(6x4)− 4 sinh3(2x4)
)
− 34 cosh(2x4)(3 cosh(2y1) + 5) .
(9)
It coincides with that of ref. [11] after the field redefini-
tions x4 = − log(ρ)/2 and y1 = λ.
Turning to the critical points of this potential (see
FIG. 2), there are two critical points in addition to the
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FIG. 2: Contours of the scalar potential V s0 .
maximally symmetric one [11]. They form a conjugate
pair of non-supersymmetric critical points located at
(x4, y1) = (log[2/
√
3− 1]/4 , ± cosh−1[
√
3]/2) , (10)
and have an energy
V s0 = −2
√
9 + 6
√
3 . (11)
The normalised masses for the two scalars at these solu-
tions are m2L2 = 4
√
3,−2√3. The full mass spectrum is
given by
m2L2 = 3 +
√
3±
√
6(4 +
√
3) (×1)
3
2 (
√
3− 3) (×15) , 2(√3− 3) (×10)
2(
√
3− 2) (×9) , 2(√3− 1) (×9) , 0 (×22)
3
2 (5 +
√
3) (×1) , 4√3 (×1) ,−2√3 (×1) ,
(12)
showing two unstable masses that violate the BF bound.
C. The conjugate embedding
The third inequivalent embedding SO(4)c implies
8c → 1+ 31 + 1+ 32 , 8v,s → 4+ 4 . (13)
The index splitting I = i⊕ iˆ therefore coincides with that
of the SO(4)s sector and hence also the set of invariant
tensors. The SD condition in (1) is now satisfied by the
real scalars in the first two lines of (7) augmented with
φijˆklˆ = i y3 ijˆklˆ + i y4 δ[ijˆ δklˆ] , (14)
with x1,2 ∈ 35s and y1,2,3,4 ∈ 35c. Modding out
again by a discrete D4 subgroup as in (8) but now with
η = diag(1, 1, 1, 1), retains (y4, x1).
The scalar potential for this new sector is computed to
be
V c0 =
1
2 sinh
2(x1) cosh(6y4)
− 34 cosh(2y4) (3 cosh(2x1) + 5) .
(15)
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FIG. 3: Contours of the scalar potential V c0 .
It can be seen from FIG. 3 that this sector has four new
critical points. They turn out to break all supersymmetry
and to be located at
(y4, x1) = (± cosh−1[(1/2 +
√
3/2)1/2] ,
± cosh−1[
√
3/
√
2]) , (16)
with unrelated sign choices, and have an energy
V c0 = −6
√
3 . (17)
The two scalar masses are m2L2 = 2 (1 ±√7) while the
full scalar mass matrix is given by
m2L2 = 2(1±√7) (×1) , −2 (×10)
5±√37 (×1) , 1±√5 (×9)
− 32 (×15) , 212 (×1) , 0 (×22) ,
(18)
as will be derived in section IV. This solution turns out
to be unstable. Notice that the trace of the mass matrix
vanishes in this critical point.
At first sight it may seem surprising that this set of
points seems to have been missed in the numerical scan
of ref. [13], as their vacuum energy lies in the investigated
range of that reference. However, these numerical meth-
ods have trouble reproducing some of the more symmet-
ric critical point: for instance, the algorithm could not
retrieve the SO(4)s vacuum by its own. It could thus well
be that a similar caveat applies to the new SO(4)c point
found here.
III. PERIODICITY OF VACUUM STRUCTURE
In this section we leave the standard formulation of
maximal supergravity and consider so-called new maxi-
mal supergravity, where an arbitrary combination of elec-
tric and magnetic vectors serve as gauge vectors. Our
focal point will be the periodicity of the full set of SO(4)
invariant critical points. To this end we will construct
the generalisation of the scalar potentials of the previous
section by including the electromagnetic phase ω.
An explicit calculation demonstrates that the
ω-parameter drops out of the scalar potential for the
vectorial embedding
V v = V vω=0 . (19)
This remarkable result, which has no counterpart in any
other SO(4)s,c or SU(3) invariant sector, implies that
both the location, the cosmological constant, as well as
the mass spectra of the SO(4)v points are the same for
all values of ω.
The situation is yet more interesting when turning to
the spinorial SO(4)s embedding. The full, ω-dependent
scalar potential for the two fields is calculated to be
V s = cos2(ω) V s0 (x4, y1) + sin
2(ω) V s0 (−x4, y1) . (20)
Note that the scalar potential is invariant under a pi/2
shift of ω accompanied by a sign flip of x4. This sec-
tor by itself therefore has a pi/2 periodicity. Moreover,
the potential does not depend on the sign of ω and as a
consequence we only have to consider a pi/4 parameter
range.
For an intermediate value 0 < ω ≤ pi/4 specifying a
dyonic gauging, there are four critical points in addition
to the maximally symmetric one. They split into two
pairs of degenerate solutions, each of which produces a
different scalar mass spectrum and energy. When ω ap-
proaches the boundary values ω → 0, one of the pairs of
critical points runs away in field space with asymptotic
energy V → −∞ and scalar masses m2L2 → 3 ± √33.
Moreover, at the special value ω = pi/4, the four criti-
cal points become degenerate in energy and scalar mass
spectra.
Finally, the ω-dependent scalar potential of the re-
stricted two-field model for the conjugate SO(4)c embed-
ding is given by
V c = V c0 + 4 sinω cosω sinh
2(x1) sinh
3(2y4) . (21)
Remarkably, this scalar potential is exactly the same as
that of the SO(4)s sector provided one shifts ω by pi/4
and replaces x4 ↔ y4 and y1 ↔ x1. Thus, with this third
branch of SO(4) critical points, the periodicity of the full
SO(4) vacuum structure boils down to pi/4.
Note the distinct pattern under ω-rotations: of the
three triality-related sectors, the vectorial one remains
invariant while the spinorial and conjugate are rotated
into each other. The pi/4 periodicity crucially relies on
the existence of these inequivalent embeddings under tri-
ality.
The same behaviour can be seen for the SO(7) sectors.
There are also three triality-related embeddings in SO(8),
of which SO(7)± are rotated into each other under pi/4
shifts of the electromagnetic parameter ω [8]. In this
case, however, the third embedding SO(7)v leads to an
empty sector: no scalar is invariant and hence there are
no critical points.
5IV. SINGULAR LIMITS AND STABILITY
For the SO(4)s,c embeddings, we showed that the
scalar potential possesses two pairs of critical points one
of which runs away when ω approaches specific values,
for instance ω → 0 in the spinorial embedding. It is nat-
ural to wonder what happens to these solutions in such
singular limits. In order to address this question, we will
move to an alternative approach known as the “go to the
origin” (GTTO) approach. It was introduced in the con-
text of half-maximal supergravity [14] and later applied
to maximal supergravity [7, 8, 15, 16] very successfully.
The main idea underlying the GTTO approach is to look
for theories compatible with a given critical point instead
of looking for critical points compatible with a given the-
ory. We will introduce it only briefly; further details can
be found in the references quoted above.
The GTTO approach makes use of the formulation
of maximal supergravity in terms of the fermion mass
terms AIJ(φ) and AIJKL(φ), which must obey certain
linear and quadratic constraints (QC) [17]. Once a crit-
ical point is found at φ = φ0 preserving some residual
symmetry Gres, then the fermion masses AIJ(φ0) and
AIJKL(φ0) can be written in terms of invariant tensors
of Gres. Since the scalar manifold in maximal supergrav-
ity is a homogeneous space – all points are connected by
E7(7) transformations –, one can always bring any criti-
cal point to the origin φ0 = 0 without loss of generality.
The fermion masses will then adopt a form compatible
with the residual symmetry. This allows us to identify
the non-vanishing components of AIJ(0) and AIJKL(0),
solve the QC and the equations of motion (EOM) of max-
imal supergravity and find the configurations compatible
with a critical point at the origin preserving Gres. More
interestingly, these configurations may depend on some
parameters covering the range of gaugings that produce
such a critical point and hence following its evolution
along different theories. Loosely speaking, what one does
is to focus on a critical point and follow it along the dif-
ferent theories (gaugings) that are compatible with it.
In order to make contact with the previous sections,
let us require the residual symmetry to be Gres = SO(4)
embedded accordingly to the index splitting I = i⊕ iˆ. In
addition, we will further mod out by the D4 subgroup in
(8). The components in AIJ(0) compatible with these
symmetries are given by
Aij = α δij , Aiˆjˆ = α δiˆjˆ , (22)
whereas those in AIJKL(0) read
Aijkl = β ijkl , Aijˆkˆl = −δ ijˆkˆl + γ δ[jˆi δkˆ]l ,
Aiˆ jˆkˆlˆ = −β iˆ jˆkˆlˆ , Aiˆjklˆ = δ iˆjklˆ + γ δ[jiˆ δk]lˆ ,
(23)
with α, β, δ, γ ∈ C. Imposing the set of QC and EOM, we
find a one-parameter family of fermion masses [29]. We
will denote the parameter θ. Due to the imposed symme-
tries, this solution must coincide with the ω-evolution of
the critical point (10) for some range of θ. The fermion
mass terms are specified by
α = Aeiθ(
√
2 sin(2θ)− iB) , γ = −i 2
√
2Ae−iθ ,
β = −e−iθ(B/
√
2− i sin(2θ)) , δ = eiθ , (24)
with the functions A = 12 (
√
2 cos(2θ)B + cos(4θ) + 3)1/2
and B = (cos(4θ) + 5)1/2. The scalar potential can be
computed in terms of the fermion masses [17]:
V (θ) = −6 ( 1 + cos(4θ) +
√
2 cos(2θ)B ) , (25)
which has a period of pi and further exhibits a reflection
symmetry θ → pi − θ. The latter reduces the relevant
range to θ ∈ [0, pi/2]. As depicted in FIG. 4, this potential
interpolates between an AdS solution at θ = 0 and a dS
one at θ = pi/2, crossing a Minkowski point at θ = pi/4.
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FIG. 4: Top: Scalar potential interpolating between the AdS
solutions at θ = 0 and the dS one at θ = pi
2
. The sequence of
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- SO(8) for θ ∈ [0, pi/6) ,
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Bottom: Evolution of the scalar masses as a function of the
parameter θ ∈ [0, pi
2
]− {pi
4
}. The horizontal solid line denotes
the BF bound m2L2 ≥ −9/4 for stability in the AdS side.
6The fermion masses also allow us to identify the un-
derlying gauge group [18] and to compute the amount of
preserved supersymmetry and mass spectra as a function
of θ (see FIG. 4). Supersymmetry gets totally broken for
any value of θ. The analysis of stability using the mass
formula in ref. [19] will be done separately for each of the
three regions: AdS, Minkowski and dS regions.
A. The AdS region θ ∈ [0, pi
4
)
At θ = 0 the critical point corresponds (after normali-
sation of the overall energy scale) to the unstable solution
(10) of the standard SO(8) gauged supergravity. Its nor-
malised scalar spectrum was presented in (12). At
θ = tan−1(
√
5− 2
√
6) ∼ 0.098pi , (26)
the corresponding spectrum was given in (18). The scalar
mass spectra continuously evolve (always with unstable
scalars) up to θ = pi/6 where a change of gauge group
occurs. At this value the gauge group jumps from SO(8)
to SO(2)× SO(6)n T 12 and the scalar masses read
m2L2 = 2 (3± 2√3) (×1) , 3±√33 (×1) , 0 (×47)
12 (×1) , 8 (×9) , −2 (×9) ,
still containing an instability. Notice the presence of the
two masses 3±√33 which were found to be the asymp-
totic values for the pair of solutions running away when
ω → 0 in the scalar potential (20). In the final part of
the AdS region, i.e. pi/6 < θ < pi/4, the gauge group is
SO(6, 2) and there are scalar instabilities for any value of
θ. A novel feature in this part is that some of the masses
diverge as long as θ → pi/4. When approaching this value
from the left, the scalar masses tend to
m2L2 = 0 (×22) , 0 (×1) , 0 (×1) , −3 (×9)
∞ (×9) , ∞ (×12) , ∞ (×16) .
These divergences indicate not only another change of
gauge group, but something more dramatic: an AdS/dS
transition via a Minkowski point.
B. The Minkowski transition point θ = pi
4
At the very special value θ = pi/4, the critical point
has V = 0 and SO(3, 1)2 n T 16 as gauge group. The
non-normalised scalar masses are
m2 = 16 (×9) , 8 (×12) , 6 (×16) , 0 (×33) ,
proving a tachyon-free spectrum with flat directions.
Moreover, the absence of abelian factors in the residual
group prevents this solution from the results in ref. [20]
regarding destabilisation of flat directions due to one-
loop quantum effects to apply. This Minkowski critical
point can be understood as the slow-roll limit of the dS
solutions in ref. [12]. Notice the matching between the
number (and multiplicities) of non-vanishing masses here
and that of divergent masses later in the dS region when
pi/4← θ from the right.
C. The dS region θ ∈ (pi
4
, pi
2
]
All along the dS region the underlying gauge group
is SO(4, 4). At the limit value θ = pi/2, we rediscover
the new dS solution of the electrically gauged maximal
supergravity in ref. [12]. This dS critical point is unstable
and has a scalar mass spectrum given by
m2L2 = −3 +√3±
√
6(4−√3) (×1)
3
2 (
√
3 + 3) (×15) , 2(√3 + 3) (×10)
2(
√
3 + 2) (×9) , 2(√3 + 1) (×9) , 0 (×22)
3
2 (−5 +
√
3) (×1) , 4√3 (×1) ,−2√3 (×1) .
When approaching the value pi/4← θ, some of the masses
diverge. The normalised mass spectrum for the scalars
this time tends to
m2L2 = 0 (×22) , 0 (×1) , 0 (×1) , 3 (×9)
∞ (×9) , ∞ (×12) , ∞ (×16) .
Notice the great resemblance with the behaviour of the
masses in the AdS region when approaching the critical
value θ → pi/4 from the left. More concretely, the dilu-
tion of some of the tachyonic masses (when not blowing
up to ∞) in the vicinity of θ = pi/4.
However, there is a crucial difference: the non-
diluting tachyons in the AdS side with normalised mass
m2L2 = −3 happen to flip sign when jumping into the
dS side becoming stable directions with m2L2 = 3 (see
FIG. 4). For this reason, one can only use the singular
limit to approach perturbative stability arbitrarily close
in the dS region, and not in the AdS region. Including
non-perturbative corrections could even lift the arbitrar-
ily light tachyons of dS and flat directions of Minkowski
to genuinely stable moduli.
Before moving to the discussion, we want to point
out a remarkable feature of the fermionic mass terms
in (22) and (23). They survived after modding out by
the D4 group in (8), which contains a particular Z2 sub-
group generated by S0. This Z2 was shown to truncate
maximal to half-maximal supergravity [21], which im-
plies that the ω-dependent scalar potential in (20) can be
obtained as a type II generalised flux compactification,
see e.g. refs [14, 18, 22, 23]. Using the correspondence
between fermion masses and type IIB fluxes, we have
verified that they correspond to generalised flux back-
grounds involving NS-NS and R-R fluxes {H3(θ), F3(θ)},
non-geometric fluxes {Q(θ), P (θ)} as well as the primed
version of these. Furthermore, non-geometric fluxes are
present during the whole AdS/Mkw/dS chain of transi-
tions. This goes along the line of transitions between
geometries suggested in ref. [15].
7V. DISCUSSION
In this paper we have investigated the interrelation
between electromagnetic duality and triality in the new
family of SO(8) maximal supergravities of ref. [5]. We
have focused on the SO(4) invariant sector of the theory,
which derives its interest from distinct mass spectra and
cosmological constants for the different critical points.
We have shown that there are such solutions for
all three inequivalent embeddings SO(4)v,s,c [30] inside
SO(8) that triality allows for. This includes the novel
solution (16) of standard maximal supergravity. More-
over, our analysis shows that the periodicity of electro-
magnetic rotations is consistent with pi/4 once triality is
taken into account and the structure of critical points for
the three embeddings are combined together. Whether
the full theory, including couplings that are not tested by
an analysis of the vacuum structure, also respects this
periodicity remains to be seen; however, we find it en-
couraging that the intricate structure of the SO(4) vacua
passes this test.
In addition, we have also explored a sequence of
gauge group transitions connecting AdS solutions of
the SO(8) theory to dS solutions of the SO(4, 4) the-
ory with parametrically small tachyon masses. The
existence of the latter has recently been pointed out
in ref. [12] and connected to an SO(3, 1)2 n T 16 con-
tracted gauging with a Minkowski vacuum. In this
paper, we have extended this Mkw/dS transition to a
longer AdS/Mkw/dS chain of transitions along theories
with different gauge groups by exploiting the GTTO
approach. This mechanism of instabilities amelioration
around AdS/Mkw/dS transitions could be generic – it
was previously observed in the context of N = 1 super-
gravity [24, 25] – and thus serve as a natural place to
look for (meta-)stable dS vacua in maximal supergravity.
Note added: after posting our paper on the arXiv,
a related publication appeared which also discusses the
issue of periodicity [26].
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